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I have wei ted to write this memo until ne,,, datR. coverin~ a penetre tir.p. 
radiation hecA.me :wailR.ble. These data ha.ve been reviewed with Drs,, Kruger 
e.nd Groetzinger at the tJniversi ty of Ill:l.noie and will be described in the 
latter nart of this di. ~('\lS"iOnr 

The nP.utrino is a uostulated uarticle emitted at the ti~e of thP. dis­
integration of nucleus by electron or nositron emission or by electron can­
tureo The evidence for its existencP. i~ nurely inferential 0 for there arP. no 
exoeriments which directly eAtablish its existence . The various ' lines of 
reas')ni.n,,. ,1non '-rhir.h its existence is bR.sed a.re the followin~: 

lo Bete rays ( Rnn nositrons) from a single v~riety of radioactive 
nucleus a.re not emitted with a sin~le energyn but show a continuous distribu­
tion of energy from 7.ero to a Fiven unner limit characteristic of the substanceo 
'!'he Vflri ons nuclei nrr->sumably are identical before disintFJt?:raticn p_nd ar,ain 
after disintP1?:ration,, The avera1<e enerf!Y of the beta rays is about A third 
of the maximum energy .. 

2 , CAtorimetric measurements on pure beta sources show the ener~y de­
graded into ha;;.t to be idf3ntir.al to the avere,!!'e energy determined from the 
energy distribution meR.sureMents. 

3. Disinterrn.tio.n enerr,ies dP.termined by other means corresnond to 
the maximum enArf!y rather thR.n the averAp:e~ This WP..S first observed in the 
natural radioactive series where branchin~ so~etimes occurs . The sums of 
the alnM nnd beta energies by either route are identical only if the maximum 
bet~ ener~y is used~ The urinciule has been abundantly established in the 
field of artificial radioectivity where conservation of ~ass- energy may easily 
be checked~ 

lJ . Studies of the kinetics of beta emissi en indicate that the momentum 
of the system i~ not ~onsP.rved if the beta narticle Md recoil nucleus only 
are consideredo 

I 

_____________________

______________



' 

The enumerated evidence lead us to believe that a bete disinte2ra:t.1on 
involves the enerF,y of thfl most enerl":etic -particle ·oroduced in the tr::ms i t :Lo,: _ 
but thA t en aver1>.P-e bpt;i ray will show only one•-thlrd of this A.mount.., This · 
discrenancy is funfui..'!lental a.nd is thourht to be Accounted for by the emiss :1.01, 
of an unobserved -narticle ca-pable of carrying A.w1y the missinp: energy i:ind 
r.iomentmn

0 

The only a.l t e rn~itii,e 0 considered at the -nresent~ is the abandonm~n.t 
of the l,"!.WS of conRerv1=1tion of energy and momentum on an atomic scale

0 

Additional 
ioeo consP.:rvation 
a neutrino having 

conservation -orincinles of a les$ easily vlsuaHzed nature., 
of nuclear Bpin and statisttc~,, must be discarded unless 
the nroper ,attributef> is er.ii tteil. during the beta urocesA,, 

The characteristics of the n~1trinn mPy bP ~artially chArActeri zed by 
exueriments conducted to establish i"ts existence ,, The ma:as when at rest mus t 
be sma.11 comu!lred to that of the electron~ It muat hRVe no ch:1.rr,e

0 
and will 

nen@trate matter nroducinr few if any ions. It has a~tributes of spin and 
statletics" It wi 11 ce.rr:r a.way ! t!c. fraction of t he moment nm and enerf:Y of 1;1-:.-. 
systemo 

There hR& been no ooaitive evidence for its existence 9 for no effec t 
h8i. been obaervt~d attributed to it.~ interaction with matter. Thi3 int,;i:rac­
tion must, th?.refore~ be extremely small under t.he conni tions studiedo The 
only processes which can be s~id to exist with certainty are those involving 
the revPrse of the emission urocesso 'r:r.nt is. if we -postulate the production 
of a "TJa.rttcle under piven condi tior.s, that ne.rticle must~ under the nrone1· 
circumstances. necessarily nroduce the revP.rse reaction in which i t is ab­
sorbed~ Snch inverse processes mo.y be calculated and nrove to be unob,3e:rva­
bly small. 

The existence of the neutrino is considerr-d by most physicists as the 
best e:imltm1¼iiion of a grOl.l"!) of fundamental experimental datao Under the S8r~ 

sum-otton that it exists, an exarninp_tim and evaluation of i t f: -oossible phys:i.o• 
lop:ica.l effects is in order~ The onl y conclus:!.on which can bfl drawn fr.om t h.,-.r 
work is that such a. .hazard has not been found usj_nt'~ the data and methods P.Vs:. ·t 
able 0 

The existence of a health he2ard due to the emission of neutrinos at 
Hanford must be considerP.d as s. dist1.nct nossib:!.ltty. Attempts have bP,en mnL~t 
by ~•:i.imer ( CP-720) :1nd \-iollA.n ( CP-ll40) to evalUAte such a hazard, 

1 t h::ie been estimated that about 151b of the energy associated w:.. th th~ 
fission event a,:roears as beta. and gamma radiation from the fission fragments , 
Approximately one-third of t!11;rne is beta energy and two-thirds f:aJ!ll!la energy. 

S ECH:F, Cf 
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Under the neutrino hypothesis twice the 1>nergy of the beta rays will f:O into 
neutrino enereyo We are 0 therefore 0 confrontrid with the problern of e. pile 
101 of who~e P.nP.re;y is emitted in F:.n unC:.etectable pf)netra ting form, A pile 
with E> J.00 mei;A.watt heat outTJut will be ;l 10 mer,awatt neutrino source . 

The only other source of similar rnatmitude is t-he sun. If i'G s -cnerr,.:; 
source is the c~rbon- ni trof?en c;vclep in which four hydrogen ato!!ls a.J'e convf:1.•t. .• 
ed to An alpha -oarticle ( see H. A. Bethe Phys. Rev, .22.• 434 (1939)) 0 two -pos 
trons a re 1i berRted in the nrocess top:ether .,,i th two neutrinos. These neu 'Gr ·, 
will escape fror., the. sun without absorotion if their only intexa:-tior. is tllc 
inverse beta ·nrocesa. Assuming no absorption nor rleF--ro•1p+,i o r. 1 thf' enerey ··1 i. • 

at the earth; s surf?..ce will be equi va.lent to that from a nanfOl'd uni t at ::1. 

dist?.nce of about 20 feeto 

1'he fact th::i t bi oloP.iC'l"ll snecies have d.eveloned. on the earth•$ s u rfHC'• 
supports the conclusion that if these assumptions a.:re VAli d~ no ~1a7.~_rd s:rist , 
at Tie.nford. 

ry:,,P. two sources diffe1· in the amounts of shieldinf!: nrovided; A. Renfo :~ 
unit has at most Vi feet of ichieldinp:; the sun 0 400 ;,000 r.iilesc If the cross 
section of the neutrino is aE f:rea.t as 10· ·33 cm2 fo:r degrade.tion or absorpi; i,1:1 
in the material of thP. sun 0 only 10~ of those created will escape o In this 
case -oroximi ty to a H,mford untt would ren-resent ten times the neutrino :.'la.z.ci ·~ 
of normal life o Assuming li ttJ.e f;bso:rpti~n in the ~1m~ no bR7.ard ertet e Rt 
Hanford. bnt if absor11tion does occur in the sun (0-":>10-3.~) oni> msy not 
use it a~ a meang of ev~luatinF the ha1.ard . 

Wi,r-ni>r (CP-7'..?'.1) hRf: discns!'led the various simnle methods of ni:,u.trino 
interaction with matter~ Th€)' are summarized here fo1· convenience : 

1. Inverse ~~ ~..§E.• The inverse beta urocess e.l r.·~nrly rr,~r.t ion~o. 
involves th~ Rbf\o:r-otion of a hi,gh ene.r,?.y neut?"ino by a. n11cl1.1us ~ c:::iu:!i n.~ thi: 
immediate emission of a beta ui:i.rticle or nositron, The resulting m~clens 
1,•ill frequently be i'adioactive and can ·be ctetected oy t4:1s 1'18.<h,s" Th·~ cros:r 
section is PstiTilated ~Y 'li'heeler and Femi to be 1o··ii4c m"' • a va.ll'.e m!!'~P.n-S o't 
servable at Hanford, but constituting no hazard. 

2. 'Elastic Colli sion with --r.:1ectrons~ 'Phe P.le,-it.ron-,1.eu-trino L1t.~rac t·. 
hes been Measured by M. "F.. Nahmia•su (:l'~oc " C~mb o Philo So£".. ,ll. 99 (19:55) ) us.: 
::i l arge l"li!.d ium sonrce (with d.isinte,o:rati on !Jrod.ucts ) and he,ivy 1-:a.d ctield.1:1 '', 
The cross section founrl. is l ess than 10-31 cm2 and , therefore

9 
ccns·l,H,utas n.; 

hazard under Hanford cond.i tl ons . 
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~. ~l asti c Collision with Nucleio Elastic collis i cns of neutrinos 
with nu~lei conr,titute the nrinc1nie~;; in our knowledr:e, ancl it iR this 
eff'ect wr.ich ~y constitute a hazard . I f such a nrocess occurs

0 
it may be 

injurious to tissue without beini easily detected. Our present methods of de­
tec tion used for x- rays. r2dio1icti ve mater1.alsD etc. n show only the prei,ence 
of ch;:ir,!!ed or iontzed n2.rticleso In these fields the r:iethods have -proved 
satisfA.ctory because there is nea rly always the disl ocntion or iont:,;a.tion of 
electrons 0 P-nd these secondnries are directly observedo 

The nresent nrocess differs frnrn most ato::iic nrocesses in that the 
nroduction of i on -:-iairs TTIAY be the rar~ rather thP..n thn common event 0 This 
si tuP-tion exists nince the mas::; of the neutrino is small in compar ison to the 
!llf!SS of the nucle1.ts 0 and the ~nergy imna rted t o the nuc leus is moder a t ely 
s;::alL To n roduce i oniza tion of the atom or molecule 0 the nucleu.e must Hter= 
ally run a way from its least t i~ht ly bound e l ectron,. '!.'he ene r gy of ab~.ndonmF:"t 
of t his electron is expre s~ed by t he foll0\,1ing equation: 

where ~ = abandonment energy of electron 

me= ma~s of electron 

.hv = energy of neutrino (assumint; negli~i ble rest maes) 

M - rnnss of recoil nucleus 

~ velocity of li~ht, 

If this velue excAeds the ioniiation potential of the element or molecule . thi 
electron will be left a nd an inn nair. formed. 

The most favorAble ca~e for observinr this event is hydropen whir.h hF S 
P.. low T"l~ss a nd a. moder.ate ioniz:.i.tton notentiaL 'l'he most ener p.;etic neutrinos 
from ~a-C striking P- hydrnpen ~tom and bouncini!-': back the WP.Y they came f.."ive a n 
enerp.:y of 1L6 ev whereas t he ioni ization notential of hydrogen is l:L58. WM. ].•. 
this should theoretically not nroduce loniu1ti on 0 a considerable f racti on of 
the. e.iected hydrogen atoms would nrobably be found. to ·.,e cha.r{.!'ed. The nrod1:..c­
tion of h;vclroP-1m ions by neutrinos from t he Clinton ni lr-> has bei:m studi ed by 
'ifollan (CP- ll40L, The cross section for hydroF'.en i on ·Droduction is less than 
5 x 10-31 r.nlo In this work: the shield was c:msiderFd to have no effect on tl·E• 
neutrinos~ This value of the cross section does not correspond under Hanford 
conditions t o a se r ious hazardo 

t----:fij0 R:Ji:-'I.'. 
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The interaction of neutrinos ~1 t h atoms without the nroduction of 
ioniied ua rticlP.s is the ~reat unknown" ThPre is no knowledr,P. of this tyrl-' 
of event

0 
neither the ma~itude nor the nhysiolor.ic~l consequences . 

Heretofore there has beP.n no re?-son for the medical profession to 1.:;i• 

vestip~te the bod.i ly d~ne~e b rourht about by the production of molecul P.r 
fragmP.nts n free rAdic,9J s

0 
and unat t ached etor.1s ., PhysioloP-1,cal reac t ion~ 1 .1-

volve hydr ol.ysl.~
0 

oxidation or reducti on ionic dissociati on and. rioJ.ym~rl~F.,.t ·· 
of or,umic moleculP.s, 'l'hese reactions pive rise to conventiona1 compouna.n 
which ,9re used or e'.J.imir,at"d by the orrAni smo The nroduction of molecul?r .:· 
ments dops not occur in normRl li:fe proces s~s 0 ann consequently hns n 1Fiyec1 n(' 
imnortant role in ,~hydolozy

0 
These fm ~ P.nts nresumably a.re formed d11rirlf" 

rAdi ~ tion ther'l,Py,, but A.re accompanied by ionized ni=ir t icles much mo re er-stl.· 
m(l'rtmr~d~ '!he ,:ffN:ts c?u sed by ·,;heir nr~~ence 11.rP,, therefore , all l umnt'ld 1 

the me asurable corst1. tuent0 ionization0 e.nd hevi'! not b@;::n riistinp;ui!"!"Pd f1·~m 
it

0 
't'hese fra..gments a.a well AS ioni1-ed narticlPa will 11rod.uce abnormal -phy .. 

lot::ical re,ir.tions~ thP. ·orodu.cts of which are nre~umP..bly poisons . 

Passi hle nethods for tht'! productim of s1.l.ch molecular fraP-111ent s arP­
few and undeveloJ>ed,, ·Thermal dissociation n:roduces molecular fr~f;l!le n ts" lrn.i: 
rarely occ urs in a livi.np or17anism., Fr:i.gm1:mts m11.y a lso be n roduced by th<! 
elastic sca.tterinP- of eni- l;hermal neu trons i neu t rons above the therr.,al ref~inu 
end not ~osily m~Asured by thermal detectors but below the r e~i on where rPCO 
protons nroduce anoreciabl•.! ioni zation,, i. third method MP..Y be used which co: 
sists of the imore~,,a.tion of ti s su.i, wi t h n r e.dioactive subs t ance underp.:oing 
K electron capture c-r an j someric trp..nsi tlonu Molecules containing such ::.n 
atom are disruptt!d by thP. nucll'!ar transttion and show unusual chemical re-­
acti onsi . 

l'erhp;ps the only ansumption that c an be mad.e:i is that fragments ;) a.tori, 
find red:i.cals hav~ tht) s pr.,,, p hysio l oe:i.~P.1 effect .<! S iona o ThP.re ls no eXTJFc !', . 
mental. evid.ince to s •J.pport; this postulate ,. but no bette r guf!ss CRn be made ., 
The nP.rt ic l es will not b P. found iri. c:lus tera or tracks and can only be cons if ­
ered analoRous to s:11mma rFJ,ys. The tolerance limi t would then be pla.ced a t 
1 "6 x 1011 oarti r.l<>s uer day ner ~ram of body tissue o 

From this r,ssu.mntion a cri t i cal croR~ section mat be calculated ., 'rhl 
neutrino uroduction in a 250 me~awatt n lant is 3,,5 x 10 g V / se c" If the 
~ros s section of the n~utrino process i s less than 2 x 10- 29 0 a tol?.rRnce 
nose wi 11 not hnv,1 bPen exce~ded in nn eipht hour da.y . No ~s13er~ion may 'be 
mad~ a s to whether the actual inte raction is large or small cornnared to thi t 
ouantityv 
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There is r P.ason to belie•ve that the cross sectiQn will vary in a 
remlar r.11nmor as a function of atomic weip.ht 0 e.torn! c number0 etc., 0 b.-\sed. on 
our nreRent theoryo One mi,aht eroect th~t larf".e valu.eP. would be foun i for 
lar{!e nuclei 0 but this nePd not necessal"i l y be irveo The best anA.logy that 
c::ui be drawn is that of thermal neut ron scatteringQ Whi le values of scat t eJ. 
in~ c ross sectims are not easily obtained there oeems to be evidence thnt 
thos~ for adjacent elements r.iay differ widelyn In the case of the neutrino 
this rnipht elso be trne., At t.he nresent it would be totally unwarranted. to 
Rssume that because the elasti c cross section of one nucleus is sMallp thos~ 
of others would be similar,, The only safe uroeedure vould be to determine · 
the value for biolof,ically inmortant elements., 

Xf the Mme cross eect:r.on is assumed for several nucle1 0 t he nrobabiJ.i '-. 
of their beinl? liberated from the chemical compound will decrease with incree.:.:­
inp; weip:ht. ThiR is nurel y an energy consideration;, for a heavy nucleu0 wU.1• 
be ~iven a smaller recoil energy than a li~ht one for the SP.me neutrino enerpy, 
The best chance of observRtion will be hydroie:en ~ and Wollan has :ilreA.dy stu6.iet 
1 t n Ar:~unmti ona wert> ne~essAr y to estlmRte the number of hydrogen etoms uer 
ey<l.roi!!:en iono Thi~ ratio would. auner,r t o be a.bout 10 to L Unon this b .i si s 
the Affect due to hydrogen (r = 2o5 x io- 30) appears not ~o be danf-~ roue~ 
a more direct exuerimental check of this element is definitely i n ordero 

Other biolo~ically important Alements are carbon nitrogen nnd oxygenn 
Presumably other elements occur in sufficiently small concentrations a 3 t o be 
unimportant. The determinl'!.ticn of the reaction in these elements is '.Orol>ab ljr 
out of the range of exoeriment Rl possibility at the present time

0 

f.xnerimentRl Detection of Neut rino ---------- - - --- - ----
The Rearch for the inverse betP.. --process a-pnears to be an e:r.trern,~ly di ~­

ficult0 if not i lll'Oossible , underte.king. It haa primarily theoretical intP.res t 1 

for this proces s can never be a men::ice to heAltho This nro~ess~ howe7er, is 
the only sure WAY to successful oboervaticn P however d.ifficul to To establish 
definitely the existence of t he neutrino by this method would 1>e of extreme 
im~ortP.nce~ for unnn the bRsit~ of sue~essful ooservation!) the s.lterna.tive 
interactions miP.ht bettP.r be determinedo 

One nossible method is to subjegt rubidi um to the neutrinos from the 
Hanford nile or stora~e reservoir~ Rb 5 uuon a bsorption of a neutrino vould 
emit a betR rp..y to becom~ Sr85(T1 = 60d)n The strontium so nroduced could 
then be extracted and the induce! radioactivity measured.~ The aensi ti v l ty of 
this mP.thod wolin.d probably not be adeouate to permit t he observation of a ere ;, 
sectim of 10- cm2

o It mightn however ~ be possible to observe a cross sec-
tion of :w-llo 

0 

~ 
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Blectron interactim or nuclear interaction producing char~ed. p~rt i cl< 
has been etndied sufficiently to demonstrate the absence of a heal t h hazer cl 
This interA.ction 1 s implicitly measurr,d during ordinary surveys . These surn: 
lll¾ve shown no nenetratinp. radiation of a magni t ude apnroaching tolerance" 

ThFl study of nuclear collision without i onization otanns as the mos '; 
imnorte.nt and perhaos most difficult process to me;;sure., This is due µ r imn<.' . 
to the lack of a senai ti ve detector- of atoms and f:re e rs.di ca.la~ All p rf:vi oL1 --: 

work with auch snecie~ h,':ls baen c onducted under circumstAnces wht:>re t he flu1 
of the m?rtiC'lP.s was con t rol;ible end could be rnised to a level easily mea m: , 
Most J11ethods used reouire the rP.action of nlll!!be:c of molecules visually obsex·,,, 
ble a This is true of work wi th f1·ee radicals where a metallic film iu ci.epor,' 
or t he -physir.al chnracteristi cs ( eie:,. ma~netic ausceptibility) of the oubstHnr. 
is chani!:!;Cd o Such methods are far too cruda for the -present job,, 

Conversations have be~n held with MessrR o Phipps and Simpson Rt t he 
Metallurg'-cal Labor?-tory duri ng which several TlOSsible methods were sup,1?est~a 
ThP. -problem und P.r di6cussion at that time was t he hydrogen inti>rnction exc _ > 

sively0 

Only one method of detectini!: hydrof-'en a toms in small numbers hai3 nro,. 
satisfactory exuer!menta11y~ That is the parti81 rPduction of freshly r,rep9r 
molybdei1um oxideo This oxide 0 yellow in color 0 is reduced. by hydrogen ntom,.­
to ~ blua guboxide of some sorto Tbe reaction aeeme to be nearly snecifi c f~ 
hydror,cn atoms ~ and 0 by ordinary standards. is quite senoitiveo The rea cti o 
mi r-:ht be USf'd as the bas:l.s for several methods of detection., The oxide mi e;r + 

be -placed ad.iacent to a nara.ffin block and ex-oosed to neutrinos~ The rpro j l 
hydro~en atoms froe the naraffin would reduce the oxide~ Quantitativel y t hi ( 
method lacks greatly 1n sens'ltivityo A somewhat more satisfactory method ret 
on the observation of Phipps , that hydrogen a t oms are absorbed A.nd held by d.c 
Kotinsky cem~nt (a laboratory high vacuum cement) a nd are later liberat ed u-rn 
heatint-:~ By this method it mip:ht be nossible to utilize the hydrof':!:en atoms 
formed in ~rams or nounds of cement o Under Ha n f ord conditions this mi~ht c o•tt 
within a factor of 10 or 100 of s howing a tole r :;, nce dose . The method would 
r~quire development and ouantitative studyo 

A pos~ible method of observation is by measurinr, the changes in elect; 
characteristics of an oxidized tungsten surface due to t he removal of oxide t~ 
the atol!ls o Such a method is lol!'i~ally r,ossib l e 9 but would require extensive 
develo-pment. 

Mro Sim-pson sue-F.ested thAt while the stu.dy in hydrogen was extremely< 
ficult 0 the measurement of such an effect in l i thium mip,ht well be possible 
His su.uP.ested method conoist<!'d of collecting the recoil nuclei from an extend 
area of lithium nietfll upon a filament ~ Upon heatin~ the filanent 0 the J.i t hiur 
atoms are thP.rmall y ionized ond evaporate as ion~~ Using a suitable µotent ip 

-S El C R ~ T• - - - - --
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to a collectin.£: e l ect;-ode and measurin~ this current by an ampl!!ber ? 
circuitn it should be nossible to nH~asur e R cross sect tan of 10 cm , 

While such e.n exoeriment mig:ht not r,ive direct informA.tim c onc~:rntn~ 
-ohysiolop.:y 9 it a:pn~ars to be the moet nrflcticnl apuroacho If e.r. effe c r, of 
n.ppreciable magnitude were found 0 then intensi Ye investi~ation would be in 
order: if it were nossi ble to restrict the cross sect:!. on to less than flay 
10-33 0 the reaction in other elements "!Ould nresumably not constitute a 
hazardo 

No surr:esti ons c~n be r.1ade at the present time of feasible exnPriment aJ 
methods for detf!cting uncharP,ed recoi l atoms in carbon 0 ni tro~en or ox~rt!!,'eno 

Other PenetratinR Radiations 

The neutrino has received emphasit as a possible hazard due to i ts i n­
ferential existence a.nd abundc,nceo Other previ ously unknown radiations are ., 
of course 9 always y,ossi ble. Ra.diation surveys are probably FJ.dequate t o de­
termin~ the existence of a hazard if the :i.ntPra ction nroduces apprecisble 
ionizationn It 1.s 0 of course~ always nossible to assume radiations ·,;he de­
structive u ro-oerties of which we do n ot unders t ando This ·....-ould be 0 ,lOwev-er . 
a fruit less search -- looking for a n unknown ef fE>ct of an unknown radiation., 

The energy of the fission ev!?nt is such as to make the prod11ction of 
mesotrons !)OSsibl~ ~ thou?h not probe bleo Charp:ed mesotrons fror.i fissi cn won.J.1 
b<? no hA.za:rd~ dnce they could. have l i ttle kine tic ene r g;r a.:1d small p<9net rati -,f 
nower, A neutral mesotron would haYe high -pene tratinR power and. mlrht, b e ha ~:~ 
ardous throu~h the mechanism of non-ionizin~ c olli s ion. 

Durin~ the last two months there have bf'en rumors of a new uenet r atin,-1: 
radie.tion observed at the University of Illinois Cyclotron o Since· t his racl:. a-~ 
tion seemed. relevant. I reviewed the work: with the exper1menters

8 
Drs. Krup:e r 

end Groetzinger. A. summary of the known prollerties of the radlRtion is rev5.e•·1 . 
ed be~ow. 

L, The radiation is associated with the 10 MV deuteron oeam of a cycl,:, 
tron and is observed through five fee t of water and 1 foot of leadu It must, 
therefore. consist of uncharged particlesn not gamma rR.ys and. 'OI"esumebl y not 
neutronsn 

2 . It -orod.uces ionizing secondA.ry 'Oa.rticles 0 nresumably electronE:
0 

whJ.·~ t 

have energies up to 8 MV o These secondaries consist of one narticle per even·~ 
or two particl es traveling in o~posi te directi ons ,, This p:r.oces::i must ·pt·e s umP..Y.1· 
not be a SCRtteri n~ processo 

~ ----- -
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3., The secondaries show no orientation effectP so the kinetic en9r~~ 
of the r.rrimary must be small compared to the energy 11 berated in nroducing 
secondP..ri es" 

4~ The small yield of primaries is independent (within experimenta l 
error) of the tar~et materialn 

Thi a evidence is believed by the P.nerirnenters to indicA.te the nroduc'G·. 
of light neutral meaotrons of mass about 20 electrons which undergo spontaneo11 
disintegrp,tion into. elect~on n~.irs ,, Usinf,!: this interpretation and the half 
life or tbe mesotron (10- sec)~ one may estimate that one -Particle is ~ r od.U.C(' 
per 10 O deuteronsQ 

Li~ht mesotrona have been reported as a component of cosmic rays "by Jl:, 
Schein a.t the University of Chicagoo Very littl~ ie knoWJO. a.bout them 0 but i .,, 
they exist they are 'Possible produc ts of fission. Nobody knows how they are 
nroduced or what their nroperttes are . They must ~ therefore 0 be looked for 511 
connection with pile rarliations. 

Dr. K., Zc Morgan has u.ndertpken a search~ but at the nresent time i s 
unable to report definitely the -presence of such a penetrating radiation. :fip 
has been et-l e to show that if it is a component of pile ra.diat1on

0 
no ha!f.a1·d 

exlste from ionization d11e to secondnries., 

The -properties of this narticle a.re similAr to the neutrino in that it. 
carries no charge, has a comparable ldnetic m$.Sll~ and has only a small int,!r• 
action with ma tters A.rp-umenta concerning elastic collision without ioni za i;lo:· 
apply here as well as to the neutrino,. 

Recommendations 

The nrevioue material has sketched our nresent lcnowled~ concerning 
penetrating radiatioo.s 0 showinf; where our knowledr,e ia incompleteo To attem-1,1'· 
to fil l ell such P,:a-os would be prohibitively costly,, yet to ignore the possn :. 
hazards is not wise o The reaeonable course is to access the most important; 
-ooints and to ba.se further action u-oon information gainedo 

The most SiP.nificant -point anpea.rs to me to be the physiological effec·; 
of uncharged molecular fragments,, These are formed by epi-thermal neutron11;, 8 1v 

may be -produced by neutrinos and lip,:ht rnesotrons,, If the tolerance dose wE:re 
larger than for charged narticles~ the neutrino nroblem would become less i m., 
portent by virtue of this facto 

Dro Nordheim feels that if a cross section of 10- 40 ems is exneriroen ta:. 
ly detectable 0 the inverse beta urocess should be 1nvestigatedo Thi~ ia noi 
'based u-oon a heal th hn2ard 0 but rather that positive resuHs would greatly ::.n. 
crease our. knowledge and understandin~ of the whole ~roblemo 

. c,~ _.a....._-o .,,, ____ 
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Copies to: 

A sear.ch for lithium atoms produced by elastic sc2ttering of neu t rinos 
annears to be tha most satisfactory approach to the scattering without i oni~e­
tion problem¢ Xt seams less importRnt thRn the establishment of a t ol er ance 

Work should be continued to evaluate the imuortance of light :aesotron 
prof].uctiono 

Summa.r;')I'. 

The existenc~ of a neutral oarticle of small TMSS (called the neutrino; 
is required by exoerimP-ntal evidence related to beta decayo The best presen·t 
alternative reQuir!"e the abandonment on an atomic scale of the laws of c0n ae:r-~ 
vation of !!lflss0 f!nergy and momentum~ 

The Hanford ~ile 0 in its vicin1ty
5 

riv~ls the sun as a neutrino 
Cross ser.tione of interest less than 10- 3 cm are thereby ruled out

0 

SOU~C3 

R~ s. 
J c Tt}o 

E" Oe 
A. Ho 
'F,o P. 
R" L" 

Possible neutrino interactims are threefold~ 

l ,, The inverse beta procei:;!o involves thP absorotion of a neu.trino and. 
em1~sion1Rf a positive or negative electrono Predicted cross sec-
tion 10- L 2 cm. 

-1 
? . 1Uastic collision with orbital electrons . Cross section < 10-j c 

3., T!:l.ei!'!tic collisicn with nuclei., 

a.. ResultinP. 1.n i onizatim o Cross section in hydrogen < 5 x w··3 

b . Resultin~ in unchRrged atoms ~ radicals ; P.tc . No data known~ 
Assumin~ physiolo~ical effect, e~uivalent to ions . a cross 
section ?,~eater than 2 x 10-2~ would exceed tolerance. Ex­
pe::1.5ent~ on hydrogen indicate this to be less than 2,, 5 x 
10) cm o 

Eroeriments to evaluate these effects are exceP.dingly difficult. 

1. 

Co 

Stone 
Wirth 
Wollen 
Snell 
Wimer 
Doan 

-UO 
A cross section of 10 for the inverse beta process might 
be achiev ed. 

t . f 10- Zl A cross sec ion o for hydro~en atom uroduction rni~ht 
be measuredo A cross section of 10- 29 for 11 thium e.toms 
should .bP. possible. No pos~ible exoeriment~l methods ar ~ knowr 
for carbon nitrogen and oxygen" 

Ko 'F .... Morgan ~!~ 
s. r.. Allison 
L. 'ii O Nordheim L., Bo BORST 

L,. Bo Borst 
Readine File 
Central File (8) 
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